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MINING METHODS AND COSTS AT THE PIOKEE MINING UNIT 
AND THE PIOKEE EXPERIMENTAL MINING PROJECT, 
THE EAGLE-PICHER CO. (TRI-STATE MINES), 
OTTAWA COUNTY, OKLA. 


by 


J. B. Elizondos—” 


INTRODUCTION AND SUMMARY 


This paper, which describes mining methods and practices at the Piokee 
nining unit and the Piokee experimental mining project of The Eagle-Picher Co. 
[In northeast Oklahoma, is one of a series being prepared by the Federal Bureau 
29£ Mines on mining methods, practices, and costs in various mining districts 
»9£ the United States. 


The Piokee unit, comprising the Piokee, Howe, Lucky Syndicate, and parts 
»f the Netta White and Otis White leases, is in the SW1/4, W1/2NW1/4SE1/4, and 
¥1/2SW1/4SE1/4 sec. 17, T. 29 N., R. 23 E., Ottawa County, Okla. (figs. 1 and 
2). The 200-acre tract is adjacent to the town of Picher and near the heart 
9£ the Picher field of the Tri-State zinc-lead mining district. 


The Piokee was 1 of 15 mining units operated by The Eagle-Picher Co. in 
the Picher field before mining was suspended July 31, 1957, because of declin- 
Ing zinc and lead prices. Operations were resumed in 10 units, but the Piokee 
remained idle because its known reserves were too low in zinc and lead content 
‘or economic mining at existing metal prices. 


Mining methods and practices at the Piokee unit differed little from 
‘hose at other mechanized mines in the Picher field until the spring of 1957. 
.lthough relatively high unit output and low unit costs were achieved despite 
‘cattered working faces and long haulage distances, the officials of The Eagle- 
icher Co. realized that the future of mining in the Picher field depended 
argely on the ability of operators to mine profitably the low-grade ores, 
hich comprise the predominant part of the field's remaining ore reserve. 


In early 1957 the company decided to conduct an experiment to determine 
that could be done to increase mining efficiencies under carefully controlled 
‘conditions, using the most suitable equipment and facilities at hand. A 


./ Work on manuscript completed April 1959. 

‘/ General superintendent of mines, Tri-State Mines, The Eagle-Picher Co., 
Cardin, Okla. 

/ In preparing this report the author was assisted by Burton M. Reynolds, 
mining engineer, Bureau of Mines, Region IV, Rolla, Mo. 
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fp PIOKEE MINING UNIT 


IN MILES 


SCALE 


- Piokee Mining Unit, Ottawa County, Okla. 


FIGURE 1. 
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100 ,000-ton block of low-grade ore, which lay along the southern edge of the 
Piokee workings, was selected for the experimental mining. 


The preparation phase of the project was begun in March 1957, but, be- 
cause of various delays, full production did not begin until early in June. 
The project continued to the end of July 1957, when all operations of the 
company in the Tri-State district were suspended, Results of the experiment 
greatly exceeded expectations. The output per man per shift was an impressive 
55.55 tons, an increase of more than 200 percent over the 16.88 tons obtained 
during normal operations in 1956. As a consequence, the cost of mining a ton 
of ore was reduced about 37 percent. 


Key factors that made the project a success were: The high incentive 
bonus, thorough planning of all phases of the operation before production was 
begun, selecting the most suitable equipment, the rigid preventive-maintenance 
and lubrication schedule for equipment, and the cooperative spirit displayed 
by workmen and supervisors. 


This paper describes the experimental project and compares the results 
with those previously obtained at the Piokee unit. 
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HISTORY 


Metal mining in the Tri-State district (Missouri-Kansas-Oklahoma) covers 
a period of over 100 years, but the Picher, or Oklahoma-Kansas, field in the 
southwest part of the district was not discovered until 1914. Development and 
exploitation of the zinc-lead ore bodies proceeded rapidly on both sides of 
the Oklahoma-Kansas State line, and within a few years the area near Picher 
became the leading zinc-producing region of the world. Production reached its 
peak in 1925-26 when the 2-year output was over 28 million short tons of crude 
ore, from which nearly 1-1/2 million short tons of zinc concentrates and 1/4 
million tons of lead concentrates were recovered.4/ 


Virtually all land on the Oklahoma side of the Picher field was within 
the Quapaw Indian Reservation and was allocated to the Indians in 200-acre 
tracts. During the early phases of mine development in Oklahoma, hundreds of 


4/ Martin, A. J., Summarized Statistics of Production of Lead and Zinc in the 


Tri-State (Missouri-Kansas-Oklahoma) Mining District: Bureau of Mines 
Inf. Circ. 7383, 1946, 67 pp. 
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individual operations were begun on small parcels of 20 and 40 acres, each of 
which, according to lease requirements, supported a separate mill. Royalty 
rates at first ranged from 5 to 25 percent of the sale price of both lead and 
‘zinc concentrates, but later, lessees could negotiate with the approval of the 
U. S. Department of the Interior for royalties not to exceed 12-1/2 percent.2/ 


The first prospect holes on the Piokee 40-acre lease were drilled during 
the latter part of 1914, but it was not until 1916 that enough ore had been 
outlined to warrant shaft sinking. A mill was built on the property in 1917, 
and production was begun in 1918 by the Piokee Mining Co. The company re- 
portedly mined and milled ore from the property in 1918 and 1920. No produc- 
tion was recorded in 1919. The mine was worked by the H. T. Mining Co. from 
1921 to February 1926, then by Consolidated Zinc & Lead Co. until 1928, when 
operations ceased because of economic conditions. 


| The M & M Mining Co. acquired the property in 1941 and operated the mine 
until it was taken over by The Eagle-Picher Co. in April 1946. Thereafter, 
ore from the Piokee was commingled with ore from adjacent leases and hoisted 
through the Piokee shaft. Tables 1 and 2 show production data for the Piokee 
tract from 1918 to early 1946 and for the Piokee mining unit during the period 
1946-57, respectively. 


TABLE 1. - Production from Piokee tract, 1918-46 


Crude ore Concentrates (short tons 


Years short tons Lead 


1916220 sats ecs 1,229 
1921295 x2 ons canes etn 4,408 
1926227 co sic eeaciesenwet 424 
1941-461/ ... cece ccc ce eeee 2.955 


TOCA LS ieisis siscesas su 757,309 28,999 9,016 


1/ To April 1946. 


TABLE 2. - Production from Piokee unit, 1946-57 


Concentrates (short tons 
Tracts short tons Lead 


PLOKCC o6:25 cs euwiwtateee ee 5,324 
HOW Gy sicseko senses sees ous s 639 
Lucky Syndicate.......ee.- 1,330 
Otis: Wh1 te. 66<dsseeasinws 130 
Netta White......cesccoees 1,058 


TOCA 1S swede scandens 8,481 

OND nO veto uiscnsatobanan eax 2,929 50 7 

Big Chiefl/............... 2,148 

Crawfishl/............. Sais 7,853 163 

1/ The designated quantities of crude ore from these tracts also 
were hoisted through the Piokee shaft but were not included 
in the production totals. 


5/ Elizondo, J. B., Development and Mining Trends in the Tri-State District: 


Univ. of Missouri School of Mines and Metallurgy Tech. Bull. 94, 1957, 
pp. 1-15. 
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DESCRIPTION OF DEPOSIT 


The Picher field is at the west end of a mineralized belt that extends 
about 100 miles eastward to the vicinity of Springfield, Mo. The zinc-lead 
ore deposits occur mainly in the Osage series (Boone formation) of Mississip- 
pian age, which in the Picher field is obscured beneath an extensive blanket 
of Pennsylvanian Cherokee shale (fig. 3). The parent limestone beds were sub- 
jected to regional deformation and successive replacement by chert, dolomite, 
jasperoid, lead and zinc sulfides, and other minerals. 


The ore deposits of the Piokee and vicinity are restricted mainly to what 
is locally known as upper-bed mineralization--the Warsaw formation (E and G-H 
beds), and the extreme upper part of the Keokuk (K bed). The minable beds are 
160 to 235 feet below the surface, covering a vertical interval of about 75 
feet (fig. 4). The mean altitude at the surface is 830 feet. The cap rock 
is black, incompetent shale of the Cherokee formation, which is about 90 feet 
thick in this part of the field. Underlying the Cherokee is 40 feet of 
Chester limestone, which was mineralized in places but rarely to ore grade. 


The ore minerals are sphalerite and galena, which occur in the ratio of 
approximately 4:1. The galena content increases toward the outer limits of 
the ore bodies and in the upper beds in conjunction with fracture zones. The 
gangue consists of variable quantities of chert, cotton rock (partly silicifiec 
limestone), dolomite, jasperoid, and calcite. Ore in place has an average 
weight of about 4,400 pounds per cubic yard and broken ore about 2,700 pounds. 


Ore bodies in the G-H beds are interconnected for the most part and aver- 
age 30 to 40 feet in thickness. They tend to taper off, however, along the 
fringes to the upper 10 feet of the beds. A large part of the ore reserves 
remaining in the Piokee area is in these fringe areas. The tenor of this 
fringe ore is usually low, as the ore minerals are disseminated in alternating 
bands of chert and jasperoid. In contrast, the ore in the overlying 6 feet of 
E bed and the underlying 2 to 10 feet of K bed is more massive in character 
and is confined to narrow, isolated runs. These runs follow shear zones along 
dolomite-jasperoid contacts and are separated from the G-H beds by 10 feet of 
F-bed cotton rock and 1 to 10 feet of J bed (glauconite-speckled limestone), 
respectively. 


METHODS OF PROSPECTING AND EXPLORATION 


Churn drilling always has been the principal method of exploring for 
zinc-lead deposits in the Picher field. Diamond core drilling has been at- 
tempted but is not practicable because of the hardness and abrasiveness of the 
chert and jasperoid and the vuggy nature of the mineralized beds. Early pros- 
pecting usually was done in a haphazard manner in an attempt to prove quickly 
enough ore to warrant sinking a shaft. Lack of adequate and systematic drill- 
ing often resulted in early abandonment of the first shaft and the sinking of 
another shaft at a more suitable location. Drilling was often duplicated, 
owing to lack of communication between companies exploring both sides of 
common boundaries, lost or inadequate drill records of previous drill holes, 
or through failure to drill original holes deep enough to test all the ore 
horizons. 
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FIGURE 4. - Schematic Geologic Section, Piokee Mining Unit. 


During the past 20 years, churn drilling has been used much more effec- 
tively. For example, structural contouring of certain key horizons from churn- 
drill information has disclosed the relationship of many ore bodies to anti- 
clinal structures.6/ The understanding and significance of areal stratigraphy-- 
especially the recognition of critical beds from drill cuttings--also have led 
to more effective spotting of drill holes with respect to discovering and out- 
lining ore bodies. Such drilling is classed locally as development. 


Churn drilling has been augmented in recent years by underground lLonghole 
drilling. Holes were drilled from underground stations with percussion drills 
to explore for ore bodies above and adjacent to mine workings L/ Longhole 
drilling was used also to outline the vertical and lateral extensions of know 


6/ lLyden, J. P., Aspects of Structure and Mineralization Used as Guides in the 
Development of the Picher Field: Min. Eng., December 1950; Trans. AD, 
vol. 187, December 1950, p. 1254. 

7/ Clark, S. S., and Brockie, D. C., Jackleg Drilling in the Tri-State Dis- 
trict: Longhole Prospecting and Production: Min. Eng., January 1956, , 
pp. 27-30. | 
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“re bodies. The jackleg drill has been used successfully, but because of its 
imitations was superseded by the standard production drifter and deep-hole 
‘ercussion drills. Standard crawler jumbos and converted obsolete diesel 
oaders were used most successfully as mountings for these drills. Horizontal 
nd slightly uptrending holes have been drilled to depths of 250 feet and ver- 
‘ical holes to more than 100 feet. Drill cuttings were collected in 5-foot 
ntervals and logged by experienced personnel. Locations and all other perti- 
ient data were recorded on geological maps for use in planning further drill- 
ng and mine development. 


METHODS OF SAMPLING AND ESTIMATION OF TONNAGES AND VALUES 


Batch shipments to the company's Central Mill were weighed and sampled to 
letermine values of the shipments, royalty settlements, and metallurgical con- 
‘rols. At mining units where ores were commingled--combined from two or more 
leases into one batch shipment--truck and can counts were used to determine 
-he proportions of the shipment to be credited to the various leases, 


) Visual estimates were made regularly of the percentages of recoverable 
zinc and lead sulfides in the mine faces. Mine superintendents and foremen 
1ave become surprisingly accurate in estimating ore grades. Knowing the break- 
aven grade of ore from current costs of production and values per ton of con- 
>entrates, they could determine readily whether a face contained minable or 


submarginal ore. 


Visual estimates also were made by the Geological Department in logging 
shurn-drill and longhole-drill cuttings; however, when the estimated mineral 
content exceeded 1 percent combined lead and zinc sulfides, samples were taken 


for chemical analysis. 


METHODS OF DEVELOPMENT AND MINING 


Development 


Underground development in the Picher field during its early history 
3eldom was based upon long-range planning. Vertical shafts were sunk to one 
3x more ore zones, and most of the underground development that followed was 
in integral part of the mining operation. As mining progressed, it became 
1ecessary to drive raises, inclines, and crosscuts (locally called pull drifts) 
»etween ore bodies to facilitate the movement of ore. Crosscuts were driven 
also to test areas where churn drilling had indicated ore possibilities. The 
>rosscuts were originally 7 by 7 feet in section but were enlarged later to 12 
Feet in height and 14 feet in width to facilitate truck haulage. 


Nineteen shafts once were used for hoisting ore or men and supplies at 
-he several 40-acre leases that now are included in the Piokee mining unit of 
ipproximately 200 acres. Most of the shafts are now caved or sealed, but a 
few are kept open for ventilation. The present hoisting shaft, which is on 
-he Piokee 40-acre tract (fig. 5), originally was sunk to a depth of 200 feet. 
this shaft, 6 by 6 feet inside, was cribbed with 2- by 6-inch fir lumber 
-hrough the shale formation from the collar to a depth of 88 feet. 
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Mining 


The open-stope method of mining, with and without natural pillar support, 
has been used universally throughout the Tri-State district since underground 
mining of its zinc-lead ores was begun. Some relatively narrow run-type ore 
bodies with competent roofs were mined without pillar support, but most of the 
ore occurred in deposits of considerable lateral extent where pillars were re- 
quired for roof support as mining progressed. Originally, about 12 percent of 
the ore in these deposits was left in the pillars. In recent years, under 
close supervision, a considerable part of the ore in these pillars has been 
recovered, 


Drilling 


Approximately 50 percent of the ore produced during 1956 in the Piokee 
unit was mined from run-type deposits, and much of this ore was in the K bed, 
which lies immediately below the original mine floor. These runs, which are 
5 to 10 feet deep, were mined in trenchlike fashion. Four crawler-type twin- 
boom jumbos, each mounting two 3-1/2-inch chain-feed drifters (fig. 6), were 
used for drilling the blasthole rounds. Holes were drilled horizontally 10 
feet deep and spaced so that the burden on each did not exceed 6 feet verti- 
cally or laterally. 


The remainder of the ore produced in 1956 was mined from beds in and 
above the original roof of the mine. A jumbo with telescoping mast, extend- 
able to a maximum length of 35 feet (fig. 7), was used for drilling most of 
the roof ore. The mast is mounted on a standard Eagle-Picher crawler base, 
which carries a l-ton counterbalance on the rear end to stabilize the unit. 
The drilling crew for this jumbo consisted of two men--a driller and a helper. 
The ore was undercut in 5- to 10-foot stages, depending on the thickness of 
the ore zone and the nature of the bed forming the temporary roof. By care- 
fully spacing the blastholes, large tonnages of ore were broken per machine 
shift with fair fragmentation. 


Drill steel was processed in a central surface shop at Cardin, Okla., 
where close temperature control was maintained in gas-fired furnaces to assure 
proper heat treatment of shanks and threads. The drill steel was cut into 12- 
foot lengths from low-carbon, 1-1/4-inch hollow round stock. Facilities for 
manufacturing tungsten-carbide-insert drill bits and truck springs were added 
recently to the shop. 


During 1956 the Piokee unit used 650 detachable 2-5/8-inch tungsten- 
carbide-insert bits. The unit costs for bits and steel were $0.098 per foot 
drilled and $0.059 per ton of ore produced, 


Blasting 


Semigelatin dynamite of 40-percent (bulk) strength was used for blasting 
in 1955 and the first 8 months of 1956; 47-percent ammonia dynamite was used 
thereafter. The explosives charges were detonated with No. 6 blasting caps 
and trimmed safety fuse. The average consumption of explosives in 1956 was 
0.67 pound per ton of ore broken. Little secondary blasting was required. 
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FIGURE 6. - Crawler-Type Twin-Boom Drilling Jumbo. 


Loading 


Enough headings (faces) were worked to 
insure that ore breaking would be one or 
more shifts ahead of loading operations. 
Nearly 63 percent of the ore produced in 
1956 was loaded into trucks underground 
with two diesel-powered machines--one front- 
end loader and one overshot loader. The re- 
mainder of the ore was loaded with three 
Eagle-Picher crawler ramp-type slushers 
(fis. 8). 


The types of loaders used and tonnages 
loaded by each in 1956 are shown below: 


Total tons 


loaded (wet) 
Type of loader: 


Proot+4nG. C1). i664 swans wens 39,303 
OVePEnOt. C1) icauvee tak seks Oe 38,344 
E-P crawler ramps (3)....... 46 ,817 

LOCK LAS StS ONES VARA ET RS 124 ,464 


: 


FIGURE 7. - Drilling From Platform 


on Telescoping Mast. 
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FIGURE 8. - Eagle-Picher Crawler Ramp-Type Slusher. 


Underground Transportation 


The ore-haulage equipment used in the Piokee unit in 1956 consisted of 
three 10-ton diesel-powered dump trucks and one diesel semitrailer truck. 
Three trucks usually were operated each shift, and one was held in reserve. 
A 1/2-ton pickup truck was used to transport supplies and personnel. 


The average number of round trips and the quantity of ore hauled per 
truck per shift were 16.3 and 130 tons, respectively. The average distance 
from loader to hoisting shaft was about 1,500 feet, and the longest haul about 
2,000 feet. 


The underground road system has many curves and some grades as high as 15 
percent. Roads were surfaced with coarse mill tailing and graded periodically 
with a diesel-powered grader. 


Ore was dumped from the trucks onto a drive-over grizzly, through which 
all material up to 14 by 25 inches passed to the hopper below. Two screen men 
broke oversize boulders of ore with 12-pound mauls. The hopper has a capacity 
of 60 tons and was built of 8- by 8-inch rough fir and 2- by 12-inch green 
oak. The bottom has a pitch of 9 inches in 12 and is lined with 1/2-inch 
steel wear plate. 
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Hoisting 


Ore was transferred from the hopper through a chute into cans for hoist- 
ing. The cans are 33 inches in diameter, 34 inches deep, and built of 10-gage 
steelplate. An air-actuated shuttle car moved the cans back and forth from 
the chute lip to the center of the shaft.8/ Two cans were used in the loading 
and hoisting cycle; while one was being filled with ore, the other was hoisted 
to the surface, dumped, and returned to the bottom of the shaft. The time re- 
quired to complete the cycle was about 30 seconds. One man (hopper puller) 
controlled the filling of cans by means of a lift gate mounted over the chute, 
and another (hooker) operated the shuttle car, disengaged the cable hook from 
the empty can, and attached the hook to the loaded can for hoisting (fig. 9). 


Ore was hoisted at the Piokee shaft with a friction-type hoist, powered 
by a 112-hp., 3-phase, 220-volt electric motor. The hoist is mounted in a 
steel derrick about 50 feet above the collar of the shaft (fig. 10). The cans 
dumped directly into a 400-ton storage hopper, from which the ore was trans- 
ferred into railway gondolas at the end of each shift, or as required, for 
transport to the Central Mill. 


The hoisting cable is 3/4-inch, 7 by 18 nonspinning steel-wire rope which 
usually was replaced after hoisting about 50,000 tons. A rope speed of 2,044 
feet per minute was maintained while hoisting ore, whereas 500 feet per minute 
was the maximum allowed while raising or lowering personnel. 


Auxiliary Operations 


An underground shop, about 200 feet southeast of the hoisting shaft, was 
maintained for servicing equipment and making minor repairs (fig. 11). All 
major repairs were made in a well-equipped central machine shop and garage, 
near the company administrative, mining, and geologic offices at Cardin. All 
drilling jumbos and slusher-ramp loaders were fabricated in these surface 


shops. 


Two interconnected surface compressor plants supplied compressed air to 
10 Eagle-Picher mining units, including the Piokee. One plant, 3/4-mile west 
of Cardin, is equipped with four compressors with a combined capacity of 9,700 
c.f£.m. of air at a pressure of 110 p.s.i. The other plant, half a mile east- 
southeast of the Piokee, contains five compressors with a combined capacity of 
5,400 c.f.m. of air at a pressure of 110 p.s.i. 


A network of 8- and 6-inch surface lines carried the compressed air to 
various shafts or churn-drill holes, through which it was delivered to the 
mines. Underground, the compressed air was distributed to the headings in 
3- and 2-inch lines and reached the drills at a pressure of about 85 p.s.i. 


8/ Netzeband, W. F., Mining Methods and Costs at the Rialto Mine, Nellie B 
Division, American Zinc, Lead & Smelting Co., Ottawa County, Okla.: 
Bureau of Mines Inf. Circ. 7823, 1958, pp. 15-18. 
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FIGURE 9. - Can Loading at Bottom of Hoisting Shaft. 
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Water for drilling at the Piokee unit was supplied from two surface ponds 
by gravity flow through 3- and 2-inch pipelines. The differential of plus-200 
feet in elevation produced a water pressure of approximately 100 p.s.i. in the 
mine, 


Electric power was supplied by the Empire District Electric Co. from its 
generating plant at Riverton, Kans. Alternating current at 25 cycles was 
transformed from 2,300 to 220 volts for use at the mine. 


PERCENT EXTRACTION AND PRODUCTION RATES 


Approximately 88 percent of the minable ore has been extracted from ore 
bodies where pillars were left for support. Much of the ore remaining in the 
pillars probably will be recovered ultimately. Nearly 100-percent extraction 
is obtained from narrow, run-type deposits. 


The Piokee mining unit produced 120,107 dry short tons of ore from 
December 1, 1955, to November 30, 1956 (Eagle-Picher Co. fiscal year). The 
unit operated one shift per day, 6 days a week, producing ore at an average 
rate of 389 tons a day. Mill recoveries of zinc and lead concentrates aver- 
aged, respectively, 2.85 and 0.57 percent, by weight, of the crude ore milled 
(recoveries expressed in terms of 60 percent zinc content and 80 percent lead 
content of the respective concentrates). 


VENTILATION 


Natural draft through the open shafts and the wide expanse of intercon- 
nected workings supplied most of the ventilation required. A 15-hp. blower, 
installed at the collar of a shaft near the southwest corner of the Netta 
White lease, was used for auxiliary ventilation, exhausting 43,000 c.f.m. of 
air through the shaft. 


In narrow headings and in raises forced draft was supplied through churn- 
drill holes with high-pressure blowers installed at the surface. These 
blowers, driven by 5-hp. electric motors, forced approximately 2,000 c.f.m. 
of air through the average 6-1/4-inch-diameter, 200-foot drill hole. 


The temperature in the mine is fairly constant at 70° F. throughout the 
year. 


MINE DRAINAGE 


The mine workings in the Piokee unit are relatively dry, as all mining 
has been limited to the upper beds of the ore-bearing Boone formation. A 1-1/2- 
inch centrifugal pump at the shaft sump was operated occasionally as required. 


WAGE AND BONUS SYSTEM 
Wages paid to the mine crew were based primarily upon established hourly 
rates as set forth in a contract between The Eagle-Picher Co. and the United 


Steelworkers of America. The classification and composition of the average 
crew and the hourly rates are shown in table 3. 
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TABLE 3. - Labor classification and wage rates, 1956 


Hourly Hourly 

wage wage 

Classification ratel/ Classification ratel/ 

1 Foreman......... sae erees Siterace (2/) 1 Semitrailer truckdriver.... $1.52 
1 Herder (assistant foreman). $1.63 1 Welder and maintenance man. 1557 
5 Machinemen.......... sinecee ee 1.55 1 Diesel mechanic............ 1.60 
1 35-ft. jumbo machineman.... Le7>: A. \Holetmans<< oss0i6issseescce 1.63 
1 35-ft. jumbo helper........ L268: <TD “HOOkGY so.ccdsieidwccedsws ave 1.63 
2 Powdermen and roof trimmers LeDD 1 Hopper puller.....ccccccees 1.42 
2 Slusher ramp operators..... 1.55 2 Screemmen.....cscccscccvees 1.42 
2 Diesel-loader operators.... 1.58 1 Mine serviceman......cesee- 1.90 
2 Dump-truck drivers......... 1.49 1 Mine service helper........ 1.83 


| 


/ Hourly rates were based upon a 40-hour week. Actual rates for the full 
48-hour week were 52/48 of the rates listed. 
2/ On salary. 


In addition to the set wage each man on hourly rate engaged in production 
participated in an incentive bonus plan. Mine service employees were excluded 
from participation. This bonus plan, which is part of the contract with the 
union, was based upon average output per man per shift above a predetermined 
standard. Each participant received a bonus of $1.25 per week for each wet 
ton of ore produced per man per shift in excess of the standard or base. The 
base at the Piokee in 1956 was 11 tons per man per shift. The average bonus 
earned by each man was 25.6 cents an hour, or 10.1 cents per ton. A typical 
bonus computation is shown in table 4. 


TABLE 4. - Bonus computation, week ending August 19, 1956 


3 184 3 0.790 a 2,515 
(cans hoisted) (average wet weight per can) (tons for week) 
2,515 129 19.50 


(tons for week) . (bonus man-shifts for week) 7 (average tons per man-shift) 


19.50 7 11.00 2 8.50 
(average tons (base tons per man-shift) (bonus tons per man-shift) 
per man-shift) 


8.50 $1.25 2 10.63 


(bonus tons) (bonus rate per ton) (bonus per man--6 days 
straight time) 


(6.5 +6) | $10.63 11.52 


(weekly bonus--6 days plus 
overtime ) 
1/ Weekly bonus calculated on basis of 1-1/2 days for the 8 hours worked in 
excess of 40 hours. 
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SAFETY AND HEALTH 


Company-sponsored programs promoting mine safety have been in effect for 
over 30 years. Early efforts eliminated such practices as blasting on shift, 
dry drilling and shoveling, and operating single-entry mines without adequate 
natural or forced ventilation. 


In 1942 Eagle-Picher established a department of industrial hygiene, 
functioning under the safety department, to study the dust problem and resolve 
methods of eliminating or reducing it. Hundreds of dust counts were made 
throughout the mines, and various corrective measures were taken to reduce 
the dust hazard. For example, the practice of using dust-contaminated mine 
water in sprays was quickly eliminated after discovering that the water, in 
one instance, contained 11 billion micron-particles of dust per gallon. Later, 
the department tested the air underground regularly for oxygen content and the 
presence or absence of hydrogen sulfide, methane, carbon monoxide and dioxide, 
oxides of nitrogen, and aldehydes. The design and inspection of diesel-exhaust 
scrubbers and the effective use of ventilating fans and blowers were other 
responsibilities of the department. 


Roof bolting was used successfully as early as 1945, but its application 
has been limited to haulageways, shop areas, and other frequented places. An 
8-gage industrial gun was used to advantage by the safety department in high- 
roof areas where trimming formerly was done from the tops of multiple-section 
ladders, 


EXPERIMENTAL PROJECT 


Preparation Phase 


Until the spring of 1957, the Piokee mining unit was operated in the same 
nanner as the other 14 units of Eagle-Picher's Tri-State operations; control- 
ling the grade of ore was of primary importance and was accomplished by selec- 
tive mining. Management realized that the life spans of several units, includ- 
ing the Piokee, were rapidly nearing an end unless the low-grade reserves could 
xe mined at a profit. The outlook for mining this low-grade ore did not appear 
»romising when its net value was compared with probable mining costs under ex- 
[sting efficiency standards, 


The company decided to conduct an experiment in the spring of 1957 to de- 
-ermine what could be achieved toward increasing mining efficiencies if most 
»£ the key factors governing optimum operating conditions were stipulated. A 
100 ,000-ton block of low-grade ore in the G-H beds was selected for mining 
inder carefully controlled conditions, using the most suitable equipment and 
facilities at hand. This block of ore lay along the edge of the mine workings 
ibout 500 feet southwest of the Piokee hoisting shaft (fig. 12). 


The designated ore block was to be mined by the room-and-pillar method, 
ith a minimum roof height of 12 feet to accommodate the loading and hauling 
‘quipment. The main zone of ore mineralization in this block is confined to 
‘bout 5 feet of the beds and is composed of disseminations of zinc and lead 
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‘sulfides in banded chert, which lies immediately below a partly chertified 
limestone member, known locally as cotton rock. As this member is less com- 
petent than most in the Boone series, pillar spacing was to be limited to a 
maximum of 40 feet. Below the main ore zone the chert graded into barren 
limestone. 


Output was to be regulated by hoisting capacity based upon one 8-hour 
shift per day, 6 days a week. The equipment selected for the experimental 
mining project included four overhauled crawler-type, twin-boom jumbos, each 
mounting two 3-1/2-inch chain-feed drifters; one new 2-cubic-yard, diesel- 
powered, rubber-tired front-end loader;9/ two overhauled 15-ton trailer 
trucks; and one 3/4-ton pickup truck for maintenance use. One crawler-type 
front-end loader and one 12-ton trailer truck were selected as standby units. 


Selecting a crew for the project was a much greater problem than the 
choice of equipment, as the company adhered closely to the union contract. 
The various jobs were posted for "bid," and the ultimate selection was based 
upon seniority and qualifications. Operational plans indicated that a crew 
of 11 men, including a mine foreman, was needed to maintain production at the 
expected rate. The makeup of the crew and base hourly rates are shown in 
table 5. 


TABLE 5. - Labor classification and wage rates for 
experimental mining project, 1957 


Hourly base 

Classification wage 
LD; MANO LOE CMAN 5 assesses sia aierw seisiw sees n. Caw Oa aero eee (1/) 
1 Diesel mechanic--leadman......cccccccccccccccsccecsccse $1,805 
3 Machinemen (drillers ) issue 6 ndcd se waw 6 ances sseeee ess 1.63 
1 Powderman--roof trimmer... ..ccccccccsccccccccccccccccs 1.63 
lL Diesel loader operator...cccccccccscvscccesccscccvesce 1.66 
Ie “TraLler ‘CruckGriver ss oes ihe on esd sso ee eadetanesec ces 1.60 
Te. HOD S CBI 55a os sn so So he 5 Ssh SS aw Is Sw ees 1.71 
L HOOK OY 56 oo od 654 oS eae Rew oa Sb we ee AG eee 1.71 
1 Combination maintenance-hooker-truckdriver.......c.ee« 1.65 
1/ On salary. 


A bonus plan similar to the one established for regular production opera- 
tions was to be used as an incentive to high productivity. The base tonnage 
per man per shift was set at 20 tons, which would give each man a bonus of $20 
a week if output averaged 35 tons per man per shift. 


During the planning phase, the concensus was that ore breaking would re- 
quire three jumbos, each operated by one machineman. The truckdriver would 
operate the two 15-ton trailer trucks, driving one to the shaft and back while 
the other was being loaded. The "combination" man was to help where needed 
and substitute for any absentee. 


9/ Dale, Claude 0., Underground and Ore Loading Equipment: Min. Cong. Jour., 
October 1957, p. 105. 
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Considerable underground preparation was required before experimental 
mining could proceed, including installation of air and water lines, prepara- 
tion of roads, and overhaul of the underground hopper, shaft facilities, and 
mining equipment. The overhauling and reconditioning of equipment required 
considerable time and capital outlay, but thorough inspection of each machine 
and replacement of worn parts were necessary to avoid possible breakdowns. 
Roof heights in the project area were too low for efficient use of equipment, 
so the floor was taken up and enough faces prepared to permit the desired 
cycling of ore breaking and loading. 


The preparation phase of the project was begun on March 11, 1957, when 
the Piokee unit was still on normal production. The preparatory work at first 
proceeded so that it did not impede or curtail main output but was accelerated 
rapidly after April 6 when regular production was halted. Enough progress had 
been made by April 22 so that partial production from the selected block of 
low-grade ore was begun immediately. The project was suspended from April 28 
to June 3 during a general shutdown of Tri-State operations, but the brief 
period of operation provided an opportunity to test some of the equipment and 
check the grade of ore by lot shipment. 


Test Period 


The Piokee project went into full production early in June 1957 when Tri- 
State mines of The Eagle-Picher Co. resumed operations. Daily output averaged 
583 tons of ore in June and 596 tons in July. All phases of the project func- 
tioned smoothly; moreover, it soon became apparent that the three machine men, 
with the use of only two jumbos, would break more than enough ore to keep the 
hoist operating at full capacity. Near the end of the 2-month test period so 
much broken ore had accumulated that output was maintained for several days 
without further drilling and blasting. Slab rounds were drilledlO/ with shop- 
built 2-3/8-inch carbide-insert bits and 1-1/4-inch round, low-carbon drill 
steel in 12-foot lengths. The holes were loaded with 47-percent ammonia dyna- 
mite, and the charges detonated with No. 6 caps and safety fuse. Fragmenta- 
tion was such that little secondary breaking was needed at the drive-over 
screen (grizzly) above the underground shaft hopper. An electric warning sys- 
tem was installed to notify the shop man when assistance was needed at the 
grizzly. 


The rubber-tired front-end loader and one 15-ton trailer truck proved to 
be ample for loading and hauling (fig. 13), so the second truck was used only 
as a standby. The other loader and the 12-ton truck originally selected as 
reserve equipment were not needed. A rigid preventive-maintenance and lubri- 
cation schedule was set up and followed for each diesel-powered unit. Break- 
downs were minor and in no instance caused a serious delay. 


The hooker, in addition to his customary duties, filled the 3/4-ton can 
from the underground hopper by means of an air-actuated chute gate. This oper- 
ation previously was done by a hopper puller. 


10/ Work cited in footnote 8, p. 14. 


Google 


23 


FIGURE 13. - Rubber-Tired Front-End Loader and 15-Ton Trailer Truck. 


The workmen were pessimistic at first as to the possibility of maintain- 
ing an average output of 35 tons per man per shift, but after the first few 
weeks of production their attitude changed to that of optimism and a desire 
to excel. Little or no "bumping" was done at first, but eventually it became 
a problem as increasingly larger bonuses were earned. 


Results and Conclusions 


The experimental mining project exceeded expectations. It was evident 
after the first few weeks of operations that the incentive bonus, which grew 
to three times the amount anticipated, was one of the key factors that made 
the experiment a success. The average output per man per shift for the 2 
months of operation was nearly 56 tons, considerably larger than expected 
and over three times as large as the average for the Piokee unit in 1956. 
Despite the large outlay for bonuses, the total cost per ton for labor charged 
to mining, including bonuses, was less than half the average for the other 
Eagle-Picher mining units. 


Other factors that contributed to the success of the project included: 
(1) Thorough planning of all phases of the operation before production began; 
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(2) selecting equipment best suited to the job; (3) the rigid preventive- 
maintenance and lubrication schedule for each diesel-powered unit; (4) pre- 
paring enough faces to allow routine cycling of drilling and loading; and (5) 
the fine cooperative spirit displayed by the workmen and supervisors. 


In addition to the more tangible results, such as greatly increased unit 
output and lowered costs, the experimental project produced several long-range 
benefits, such as: 


(1) Criteria that can be used to advantage, in future planning; in select- 
ing a well-balanced series of job classifications; in selecting an equitable 
incentive bonus; in utilizing field testing equipment; and in setting up drill- 
ing, blasting, loading, hauling, and hoisting cycles. 


(2) Allowing the geological and mining departments to accumulate more pre- 
cise data on the tenor of ore for use in correcting or modifying estimates of 
ore reserves. Useful information also was acquired regarding ore trends, rock 
mechanics, mining methods, and drilling patterns. 


(3) Results that created a favorable impression, psychologically, on the 
supervisors and workmen who participated directly or indirectly in the experi- 
ment. This impression inevitably will tend to raise efficiency standards 
throughout other operating units. 


The Piokee project was brought to a close at the end of July 1957 when all 
operations in the district were suspended again. If the project had continued, 
the crew would have been reduced to nine men and the bonus base raised to 30 
tons per man per shift. These changes, which the management was convinced 
would still further raise efficiency and lower costs, were suggested as a re- 
sult of time-motion studies conducted on drilling, loading, and hauling cycles. 


MINING COSTS 
Mining costs per ton of ore produced at Piokee in 1956 and in the 2 months 


of experimental mining are summarized in tables 6 and 7, and 8 and 9, 
respectively. 


Google 


25 


TABLE 6. - Sunma of underground costs, 1956 


-Tons of ore hoisted: 120,107 dry short tons. 


Mining3/, ee wee : 


Mining method: Open stopes with and without pillar support. 


Underground costs per ton of ore hoisted 


Compressed- 
Super- |air drills Explo- | Other 
LaborL/ | vision | and steel sives  |supplies | Total 


Development<é/.. 


Transportation. 
General expense 


Total....... | .925 | 118 | 140 | .080 | .135 | .604 | 2.002 


‘1/ Includes 4.35 percent of direct labor costs for Social Security and unen- 


t 
, 


ployment benefits. 
2/ Includes longhole and churn-drill exploration costs. 
3/ Includes loading costs. 


TABLE 7. - Summa of costs in units of labor ower, and supplies, 1956 


Tons of ore mined and hoisted: 120,107 short dry tons. 


Mining method: Open stopes with and without pillar support. 


Labor (man-hours per ton): 


Breaking (drilling, blasting, CE AOMING ) sisesod. eres dee ado bs wees eee 0.192 


TOGG1NG os ies bance os ae Oe a Oe oe eee wee wea a eee es eee ete .067 
Haulage and: NO LSEING ccc 6:66:65 5/6 seen Ww hrdeeiate Wale Ware oS wwe ww we See eee 137 
ivi of oy gg Wy he) | eee ee eee cree ee ee er ee eee ee ee eee ee .040 
General....... TTT Te eT ee ee Ee CE Ce eT ee ee 038 
EOE BL casera ose. bb 1d brs ce Weer soca bseila sb eiw os eres eles a Oe OW SS eae wes eee eee 474 
Average tons per man=sShifts .isc is isicewenee bo seta et seaccawsiccsweseseeee 16,88 
Labor, percent of total COBSt....ccccccccccccccccescees twee seee sear lee LO 


Power and supplies: 
Explosives (40- and 47-percent strength)......ccesccsccvccsceeeelb./ton 0.672 
TOCA pOWE? 6535 se ennasew ene see ii. Oelonwinenemeseeeeeueesedes Neenr,./ ton. 7.268 
Air ‘COMPTESS LON: «666.6 6:5%.6:4 ane hewiee ee esneesees, 4.99 
HOLS © 1G ac 66k 665 54. b ese srele as ober ee se: LOU 
LOGGING 66:56 66605.006s cee te cee eeeeseesasecaa- 699 
PUM ING 6 sib 00s 060 86S SIAC SN Reaeeeeeewes: LO 
VENELIBE1ON 6:66 ciiisiw senate oicéseeeieesseseese 220 
PAIQNELNG i666 40ss bee hb soos ee cee Deeeeaeewees. w26 
Development.......e0. ere rr eer ee 
Other supplies, percent of total power and supplies........ccssecceees 62.98 
Power and supplies, percent of total COSt....ccccccccccsccccecsccsccsecs 47.90 
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TABLE 8. - Summary of underground costs, experimental 


project, June-July 1957 


Tons of ore hoisted: 27,691 dry short tons. 
Mining method: Open stopes with pillar support. 


eve opp enc sce 


Underground costs per ton of ore hoisted 
Mining—’ ....0.. 
Transportation. 


Compressed- 
Super- |air drills Explo- | Other 
/ vision | and steel | Power | sives  |supplies | Total 
a a zs Sq. 
General expense 


Total.......[ .422 | .081 | .114 | 051] .173 | 411 ] 1.20 


1/ Includes 4.35 percent of “direct labor costs for Social Security and unen- 
ployment benefits. 

2/ Includes loading costs. 

3/ Includes $0.22 per ton amortization on new rubber-tired loader. 


TABLE 9. - Summary of costs in units of labor, power, and supplies 


experimental project, June-July 1957 


Tons of ore mined and hoisted: 27,691 dry short tons. 
Mining method: Open stopes with pillar support. 


Labor (man-hours per ton): 


Breaking (drilling, blasting, trimming).......cccccccccccccccsccccvsees 0,055 
TO BOTS 5 os oris case G5 avg Stare fo wae era ow seal sew SS Ge Rete www Ae SRS OR Se wee ee 013 
Haulace- And NOLS t 19 osc seis 6. 5.siG woe 6.015 wa 6a he OS Seis Wie SS wR bale Meee scare 041 
SUD CLV 18 1 ON a6 6, 50-58 we Siew od ws Wis 6 WSIS Sa SSO SO Mo OS es ee eed eeeeeweees .021 
GONOra ll i a:6 6 sire shade ines 666s OSs O65 SS wb RM eee OES h She eee ows 014 

OCB i ioc se ago 585 5a bree 010 add Sw wa Slee a ee os Oe EER Sew Sees eeee » 144 


Average tons per ABT SLE soe er ere ns ooo 0 ee Se SN 0 ww Oa wR aca wae Oe 55.59 
Labor, percent of total COS Ee oro Beek 6st Oe Ee 01 OOS OS Rew S 40.18 


Power and supplies: 

Explosives (47-percent strength).....ccccccccccccccscscccccceccib./ton 0.981 
TOta |. POWEY ss:ios soc aieebiewe- ede 0544906 ses eds esaesiweessckwe=nrafton. 4.40 

ALY COMPLCBE 1 OR ss 6.056 4055 60 0454056 see eeseee Lee 

HOLS CING v.64 saw eG sbebdew ee seus oN we ees is edee see 1600 

LAG asi Swe e NES OC CO awS SCs See eee weueKeteme:. 400 

Ven CLLSC1ON is cuiniadd esas Hetesiw enemas eeaseee OF 

It CREING 0:54-s owes eee Sabo Oe Seow eeea es eees Bel 
Other supplies, percent of total power and supplieS.......cccccccceee 4.8) 
Power and supplies, percent of total COBt..ccccccccccccccccccccccsces S982 
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